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Available online 2 December 2015Rawbioelectrical impedance analysis (BIA) data [resistance (R); reactance (Xc)] through bioelectrical impedance
vector analysis (BIVA) and phase angle (PhA) have been used to evaluate cellular function and hydration status.
The purpose of this investigation was to examine the effects of resistance training (RT) on classic and specific
BIVA in elderlywomen. Twenty women (mean± SD; age: 71.9± 6.9 years; BMI: 24.5± 3.0 kgm−2) completed
a 6-month RT program. Whole-body, single-frequency BIA, body geometry, and leg strength (5RM) measures
were completed at baseline (t0), 3 months (t3), and 6 months (t6). The mean impedance vector displacements
were compared using Hotelling's T2 test to evaluate changes in R and Xc relative to height (R/ht; Xc/ht) or body
volume (Rsp; Xcsp) estimated from the arms, legs, and trunk. 5RM, PhA, and BIVA variables were compared using
ANOVA. PhA improved at t6 (p b 0.01), while 5RM improved at t3 and t6 (p b 0.01). Using classic BIVA, 6months
(T2= 31.6; p b 0.01), but not 3months of RT (T2= 4.5; p= 0.20), resulted in significant vector migration. Using
specific BIVA, 6 months (T2 = 24.4; p b 0.01), but not 3 months of RT (T2 = 5.5; p = 0.10), also resulted in sig-
nificant vector migration. 5RM was correlated to both PhA (r = 0.48–56) and Xcsp (r = 0.45–53) at all time
points. Vector displacementswere likely the result of improved cellular integrity (Xcsp) and cellular health (PhA).
© 2015 Elsevier Inc. All rights reserved.Keywords:
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The raw values from bioelectrical impedance analysis (BIA), resis-
tance (R) and reactance (Xc), are used to determine phase angle, an in-
dicator of cellular health/function, which is related to functional status
and impaired prognosis with disease (Norman et al., 2012). Graphical
interpretation of R, a measure of cellular hydration status, and Xc, a
measure of cell membrane integrity, termed bioelectrical impedance
vector analysis (BIVA), has been proposed as a method of body compo-
sition evaluation in older adults (Lukaski, 2013). Traditionally, vectors
from raw BIA data have been determined relative to an individual's
height in order to account for differences in conductor length (Piccoli
et al., 1994). Specific BIVA standardizes the vector values with consider-
ation for the conductor volume by utilizing a variation of Ohm's law
while accounting for the cross-sectional areas of the upper arm, calf,nalysis; PhA, phase angle; 5RM,
line; t3, 3 months of resistance
cific resistance; Xcsp, specific
ida, 12494 University Blvd, EDandwaist (Marini et al., 2013). In particular, the estimation of conductor
cross-sectional area through the measurement of circumferences with
specific BIVA was proposed to overcome the potential limitation of ac-
counting for solely conductor length with classic BIVA (Buffa et al.,
2013).
The clinical application of BIVA methodologies has been highlighted
due to the direct analysis of the bioelectrical properties of human tissue,
which limits the potential error introduced by prediction equations
used to estimate body composition (Lukaski, 2013). Classic BIVA has
shown to have utility with regard to the evaluation of nutritional and/
or hydration status (Piccoli et al., 2014), while specific BIVA may be a
better indicator of two-component body composition (Buffa et al.,
2014) with the potential ability to distinguish between older adults
with sarcopenia and sarcopenic-obesity (Marini et al., 2012).
Further, cross-sectional data has shown age-related changes in
whole-body BIVA variables, with increases in phase angle and decreases
in Xc throughout the progression of adolescence (Koury et al., 2014),
but decreases in both with advanced age (Saragat et al., 2014), and dif-
ferences between individuals of varying training status/performance
levels (Micheli et al., 2014) and sporting activities (Koury et al., 2014).
However, limited longitudinal data concerning changes in BIVA vari-
ables exist. These investigations have focused on whole-body BIA
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covery from injury (Nescolarde et al., 2011).
Resistance training in older adults has shown to be an efficacious in-
tervention which results in improvements in both muscle mass and
function (Peterson et al., 2011). Themeasurement of BIA in older adults
has been proposed to evaluate the presence of sarcopenia (Marini et al.,
2012) and improvements in BIA-derived fat-free mass have been re-
ported following resistance training in elderly men and women
(Moon et al., 2013). However, the application of BIVA to resistance
training in older adults has not been examined. Therefore, the purpose
of this investigation was to examine the effects of resistance training
on phase angle and to compare classic and specific BIVA in elderly
women.
2. Materials and methods
Unpublished strength, anthropometric, and bioelectrical data from
20 healthy, ambulatory women (mean ± SD; age: 71.9 ± 6.9 years;
body mass index: 24.5 ± 3.0 kg m2) that were involved in an institu-
tional review board approved longitudinal study (Stout et al., 2013)
and completed an informed consent aswell as all of the requisite testing
measures were used in this investigation. All participants completed a
three times weekly, 6-month full-body progressive resistance training
program. Testing procedureswere completed at baseline (t0), 3months
(t3), and 6 months (t6) (Table 1). Leg extension strength was assessed
using a five-repetition (5RM) test. The circumferences of the upper
arm (at the midpoint between the acromion and olecranon processes),
thigh (at themidpoint between the inguinal crease and proximal border
of the patella), calf (at the point of maximal girth), and waist (at the
level of the navel) were measured in triplicate with an anthropometric
measuring tape. The upper arm, thigh, and calf values were used to es-
timate the cross-sectional area of the arms, legs, and trunk, respectively,
using the formula: area = circumference2/4π, while waist circumfer-
ences were used as a structural outcome to evaluate the potential
changes in the functional outcome of leg strength. Hydration status
with urine specific gravity values less than 1.030 was verified using
handheld refractometry (Model CLX-1; VEEGEE Scientific, Inc. Kirkland,
WA, USA).
Whole-body, tetrapolar, single-frequency (50 Hz) BIA (Quantum II,
RJL Systems, Clinton Township, MI), with electrodes (Dual Tab,
ImpediMed Limited, Queensland, Australia) placed at the hand and
foot, was used to determine R (Ω), Xc (Ω), impedance (Z; Ω), and
phase angle (°). The BIA devicewas calibratedwith a 500Ω test resistor
(to verify R of 500 ± 5 Ω and Xc of 0 ± 5 Ω) per manufacturerTable 1
Comparison of anthropometric, strength, bioelectrical values at baseline (t0), after 3
months of resistance training (t3), and after 6 months of resistance training (t6).
t0 t3 t6
Weight (kg) 63.6 ± 9.8 63.6 ± 10.0 64.1 ± 10.1
Calf circumference (cm) 34.7 ± 3.2 34.5 ± 3.2 34.5 ± 3.3
Arm circumference (cm) 27.0 ± 2.7 27.1 ± 2.7 27.5 ± 2.7
Waist circumference (cm) 76.4 ± 7.9 75.5 ± 8.5 76.7 ± 8.2†
Thigh circumference (cm) 47.6 ± 4.4 47.7 ± 4.5 50.1 ± 4.4⁎,†
Leg extension 5-RM (kg) 30.3 ± 8.0 42.6 ± 10.6 59.3 ± 12.8⁎,†
R; resistance (Ω) 603.7 ± 53.4 604.0 ± 62.5 599.3 ± 69.2
Xc; reactance (Ω) 50.6 ± 7.6 51.6 ± 7.0 52.9 ± 9.2
Z; impedance (Ω) 376.9 ± 45.4 377.1 ± 49.6 374.3 ± 55.2
Phase angle (°) 4.80 ± 0.61 4.89 ± 0.53 5.04 ± 0.67⁎,†
R/ht (Ω/m) 376.9 ± 45.4 377.1 ± 49.6 374.3 ± 55.2
Xc/ht (Ω/m) 31.6 ± 5.5 32.2 ± 5.1 33.0 ± 6.6
r R/ht–Xc/ht 0.650p b 0.01 0.715p b 0.01 0.723p b 0.01
Rsp (Ω·cm) 395.5 ± 48.6 391.3 ± 49.3 397.2 ± 59.3
Xcsp (Ω·cm) 33.2 ± 5.8 33.4 ± 5.3 35.1 ± 7.3⁎,†
r Rsp–Xcsp 0.667p b 0.01 0.717p b 0.01 0.756p b 0.01
r = Pearson product moment correlation.
⁎ Denotes a significant difference from baseline (p ≤ 0.05).
† Denotes a significant difference from 3 months (t3) (p ≤ 0.05).guidelines. Specific resistance (Rsp) and reactance (Xcsp) values were
calculated by multiplying R and Xc by correction factors [quantified as
the estimated cross-sectional area (or 0.45 × arm area + 0.10 × waist
area + 0.45 × calf area) divided the length of the body modeled as a
conductor (or 1.1 × height)] as outlined by Marini et al. (2013), while
classic BIVA values were calculated relative to standing height (R/ht
and Xc/ht).
The resistance training programhas been previously reported (Stout
et al., 2013). Exercises included hack squat, bilateral leg press, leg exten-
sion, bench press and lat pull down. Participants were asked to com-
plete 8–12 repetitions of each exercise, in a laboratory, supervised by
trained research personnel. Each exercise was separated by a 2–5 min
recovery period. If subjects completed 12 repetitions for the last set of
an exercise for two consecutive lifting sessions, weight was increased
by at least 2.5–10% depending on the exercise.
2.1. Statistical analysis
Strength and BIVA values were compared using repeated measures
analysis of variance with Bonferroni post-hoc tests. The mean imped-
ance vector displacements from classic and specific BIVA were com-
pared with BIVA software (Piccoli and Pastori, 2002) using Hotelling's
T2 test to compare the changes between Rsp and Xcsp. The relationship
between BIVA values and strength (5RM) aswell as the relationship be-
tween changes (Δ t6–t0) in these variables were analyzed using Pear-
son correlations.
3. Results
3.1. Anthropometrics and strength
The anthropometric and strength values are listed in Table 1. No sig-
nificant changes in body mass (p = 0.246), upper arm circumference
(p= 0.06) or calf circumference (p= 0.471) were reported. Significant
training effects were shown for waist circumference (p= 0.049), thigh
circumference (p ≤ 0.01), and leg extension 5RM (p b 0.01). Waist cir-
cumference increased from t3 to t6 (Δ: 1.3 cm; p b 0.01), thigh circum-
ference increased from t0 to t6 (Δ: 2.5 kg; p ≤ 0.01) and from t3 to t6 (Δ:
2.4 kg; p ≤ 0.01), while leg extension 5RM increased at both t3 (Δ:
12.4 kg; p b 0.01) and t6 (Δ: 29 kg; p b 0.01) and from t3 to t6 (Δ:
16.7 kg; p b 0.01).
3.2. Bioelectrical data
The bioelectrical data are listed in Table 1. Raw Z (p= 0.806) and R
(p = 0.770) values showed nonsignificant decreases, while raw Xc
values showed a nonsignificant increase (p = 0.057), throughout the
training program. Significant training effects were shown for phase
angle (p b 0.01) with improvements from t0 to t6 (Δ: 0.25°; p b 0.01)
and t3 to t6 (Δ: 0.16°; p = 0.012), but not from t0 to t3 (Δ: 0.09°; p =
0.230). Nonsignificant changes in R/ht (p = 0.807), Xc/ht (p = 0.056),
and Rsp (p = 0.309) were reported. Significant training effects were
found for Xcsp (p = 0.001), with in an increase from t0 to t6 (Δ:
1.9 Ω ∗ cm; p = 0.011) and t3 to t6 (Δ: 1.7 Ω ∗ cm; p = 0.032), but
not from t0 to t3 (Δ: 0.2 Ω ∗ cm; p N 0.05).
3.3. Impedance vector displacement
With classic BIVA, the completion of 6months (T2= 31.6; p b 0.01),
but not 3months of resistance training (T2= 4.5; p= 0.20), resulted in
significant vectormigrationwhere 95% confidence ellipses for themean
differences in R/ht and Xc/ht did not cross the origin (Fig. 1A). When
using specific BIVA, 6 months (T2 = 24.4; p b 0.01), but not 3 months
of resistance training (T2 = 5.5; p = 0.10), also resulted in significant
vectormigration (Fig. 1B). In addition, the impedance ellipses for classic
and specific BIVA at t0, t3, and t6 are shown in Fig. 2.
Fig. 1. Impedance vector displacements using A) classic BIVA for R/ht and Xc/ht and B) specific BIVA for Rsp and Xcspwith 95% confidence ellipses following 3 (t3–t0) and 6 (t6–t0)months
of resistance training.
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Phase angle and 5RMwere significantly associated at t0 (r = 0.478;
p = 0.033), t3 (r = 0.555; p = 0.011), and t6 (r = 0.533; p = 0.015),
while Xcsp and 5RM also showed significant positive correlation at all
time points (t0: r = 0.453; p = 0.045; t3: r = 0.531; p = 0.016; t6:
r = 0.528; p = 0.017). No relationships between the changes (t6–t0)
in strength and bioelectrical data were found.4. Discussion
The primary finding of this investigation demonstrated differential
patterns of adaptation reflected by classic and specific BIVA in elderly
women following prolonged resistance training. Qualitative interpreta-
tion of the impedance vector displacement graph using classic BIVA re-
vealed similar contributions of R/ht and Xc/ht to the changes at 6
months, while specific BIVA demonstrated that changes at 3 months
were largely due to decreased Rsp while changes at 6 months were
due to an increase in Xcsp. This observation supports the potentialFig. 2. 95% confidence impedance ellipses for A) classic BIVA and B) specific BIVAneed to account for conductor volume (as a function of segmental
cross-sectional area), as opposed to conductor length (as a function of
stature), when evaluating bioelectrical data. Therefore, specific BIVA
may provide conflicting values as compared to classic BIVA when eval-
uating changes following resistance training.
Nonsignificant decreases in Rsp at 3months and R/ht over the course
of the resistance training program may reflect subtle improvements in
body composition (Buffa et al., 2014), as a result of decreased fat mass
and/or increased glycogen stores, and cellular hydration. Reactance
(Xc) measured from BIA has been shown to be related to body cell
mass in older adults (Dittmar and Reber, 2001). The increase in Xcsp at
6 months in the current investigation and its relationship with strength
suggest that thismeasuremay be related to cellular adaptation. Further-
more, the enhanced training status of the current study participants at
the end of the exercise intervention can be compared to cross-
sectional differences in Xc between football (Xc/ht: 37.39 ± 3.82 Ω)
and basketball athletes (Xc/ht: 28.75 ± 4.87 Ω) (Nescolarde et al.,
2011). Phase angle has previously shown to be significantly related to
skeletal muscle mass (Buffa et al., 2013) and a predictor of both general
health status and muscle strength (Norman et al., 2012, 2015). Theat baseline (t0) and following 3 (t3) and 6 (t6) months of resistance training.
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related decreases in phase angle and Xc (Saragat et al., 2014). The re-
sults of the current study showed that phase angle and Xcsp were signif-
icantly associated with leg extension strength at all time points. The
functional improvements in leg strength were supported by increased
thigh circumference following 6 months of resistance training.
The qualitative distinction between contributions of Rsp and Xcsp by
specific BIVA at 3 and 6 months appears to be consistent with the
existing literature in regards to strength training adaptations. The satel-
lite cell pool has shown to be increased after 3 months of resistance
training in older men and women (70–82 years) (Mackey et al.,
2007). Furthermore, a meta-analysis by Peterson et al. (2011) reported
a significant effect for resistance training on lean body mass in elderly
men and women from interventions lasting on average 20.5 weeks.
5. Conclusions
The bioelectric properties determined from BIA and evaluated with
both classic and specific BIVA changed as a result of 6 months of resis-
tance training in elderly women. Nonetheless, the findings after a 6-
month training program highlight the maintenance of baseline cellular
hydration with increasing cellular membrane integrity. Altered vector
displacements were likely the result of improved cellular integrity
(Xcsp) and cellular health (phase angle). While the current results can-
not be used to identify a preferredmethod, classic and specific BIVApro-
vide diverging information about the initial process of adaptation with
regard to cellular hydration. Additional research utilizing larger sample
sizes comparing classic and specific BIVA methodologies to “gold stan-
dard” body composition and cellular functionmeasures to evaluate con-
current validity is needed. Furthermore, exploration of segmental BIA
(arms, legs, trunk) with vector analysis and site-specific changes in
strength or performance following resistance training may be of partic-
ular interest. Finally, researchers should consider reporting raw bioelec-
trical data in conjunction with BIA-derived body composition values
when examining the effects of training and nutritional interventions.
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